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1. Introduction and Scope 
 

This document is structured as follows. Section 2 gives a broad overview of the RTTOV v13 fast radiative transfer 

model. Section 3 provides a brief introduction to the key concepts involved in running RTTOV and it is recommended 

to all users. Section 4 provides details of all changes since RTTOV v12: this is intended to be a reference for users 

upgrading from v12 and existing users are highly recommended to read it carefully as some default values and internal 

calculations have changed since v12 resulting in modified outputs. Section 5 gives the instructions for compiling 

RTTOV, verifying the build and, more generally, for running the test suite. Section 6 provides a reference for the 

RTTOV libraries, executables, subroutines and derived types. Section 7 provides a detailed step-by-step guide for 

implementing RTTOV in your own application. Section 8 gives details of the various simulation capabilities of 

RTTOV: you should consult the parts of this section relevant to your application. Section 9 lists the limitations of 

RTTOV v13. The procedure for reporting bugs or learning about known bugs is given in section 10. Finally, a 

frequently asked questions (FAQ) section and glossary are provided in sections 11 and 12. This document relates to 

version 13 of the RTTOV code and all its sub-versions (13.x). The document is only updated with new minor releases 

of RTTOV v13: the document version is given in the header.  To obtain a copy of the RTTOV v13 code go to 

https://nwp-saf.eumetsat.int/site/register/ and register on the website. Once you are registered you can log-in and click 

on the ñSoftware Downloadsò link to subscribe to RTTOV v13: once you agree to the licence you will be able to 

download the code immediately. 

 

RTTOV v13 is an evolution of RTTOV v12, adding and upgrading many features as documented here. The RTTOV 

v12 code is still available but cannot be guaranteed to be upgraded for new instruments and capability. A significant 

update in RTTOV v13 is a new optical depth parameterisation based on new ñv13 predictorsò. New optical depth 

coefficient files are available based on the new predictors for many supported sensors, and these are the recommended 

ones for use with RTTOV v13. Any coefficients not available in the package or on the RTTOV website (https://nwp-

saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/) can be requested from the NWP SAF 

Helpdesk (https://nwp-saf.eumetsat.int/site/help-desk/). RTTOV v13 remains fully compatible with all existing RTTOV 

v12 optical depth coefficient files based on the v7, v8 and v9 predictors and these remain available to download from 

the RTTOV website. More details on this are given below.  

 

The RTTOV v13 Science and Validation Report describes or gives links to the scientific basis of the model and 

describes in more detail the new scientific changes made. The RTTOV v13 Test Plan and Test Log document the tests 

carried out on the new code before delivery. The most up to date versions of these reports, including this user guide, can 

be viewed at the NWP SAF web site: https://nwp-saf.eumetsat.int/site/software/rttov/ in pdf format on the RTTOV 

pages. There is also a Performance Test Log which documents the run times of RTTOV v13.0 on a few platforms and 

compares these to the equivalent RTTOV v12.3 run times. 

 

2. Overview of RTTOV v13  
 

This section gives a brief overview of the RTTOV v13 model. More details can be found in the references given in this 

section. RTTOV v13 is a development of the fast radiative transfer model for TOVS, RTTOV, originally developed at 

ECMWF in the early 90's (Eyre, 1991) for TOVS. Subsequently the original code has gone through several 

developments (e.g. Saunders et al., 1999; Matricardi et al., 2001; Saunders et al., 2018), more recently within the 

EUMETSAT NWP Satellite Application Facility (SAF), of which RTTOV v13 is the latest version. The model allows 

rapid simulations (~1 ms for 40 channel ATOVS on a desktop PC) of radiances for satellite visible, infrared or 

microwave nadir scanning radiometers given an atmospheric profile of temperature, variable gas concentrations, cloud 

and surface properties, referred to as the state vector. The only mandatory variable gas for RTTOV v13 is water vapour. 

Optionally ozone, carbon dioxide, nitrous oxide, methane, carbon monoxide and sulphur dioxide can be variable with 

all other constituents assumed to be constant. The state vector for RTTOV v13 is given in Annex O. RTTOV v13 can 

accept input profiles on any defined set of pressure levels. The range of temperatures and water vapour concentrations 

over which the optical depth computations are valid depends on the training datasets which were used. This is defined 

in the coefficient fil e and for RTTOV v13 is mainly based on the 91-level 83 diverse profile dataset from ECMWF 

analyses for temperature, water vapour and ozone (https://nwp-saf.eumetsat.int/site/software/atmospheric-profile-data/). 

For other gases a range of profile datasets were used based on models and measurements. The limits for temperature, 

water vapour and ozone are given in Table 1. These are derived from the strict profile dataset minimum/maximum 

envelopes by applying a stretching factor (+/-10% for temperature max/min respectively, and +/-20% for each gas 

https://nwp-saf.eumetsat.int/site/register/
https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/
https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/
https://nwp-saf.eumetsat.int/site/help-desk/
https://nwp-saf.eumetsat.int/site/software/rttov/
https://nwp-saf.eumetsat.int/site/software/atmospheric-profile-data/
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max/min). The RTTOV v12- and v13-format coefficient files contain the strict min/max envelopes: the limits that are 

applied within RTTOV are calculated when the coefficients are read in. More details on the profile datasets used for the 

different gases can be found in Matricardi (2008). The training profiles used for RTTOV v12 and v13 coefficients are 

intended to be valid over the whole satellite era from 1970 and into the 2020s. They are described in the RTTOV v12 

Science and Validation Report. Sulphur dioxide was added as an optional variable gas later, and the training profiles 

used for this are also described in the RTTOV v12 Science and Validation Report. The majority of RTTOV v12 and 

v13 coefficient files are based on the 54 levels shown in Table 1, though coefficients for hyperspectral sounders are also 

available on 101 levels. 

 

The spectral range of the RTTOV v13 model in the visible/infrared is 0.4-100 microns (100 ï 25000 cm-1), governed by 

the range of the LBLRTM line-by-line datasets on which the coefficients are based. In the microwave the frequency 

range is from 1 ï 800 GHz which is covered using the Liebe-89 MPM line-by-line model. The full list of currently 

supported platforms and sensors is given in Tables 2 and 3. This list is updated as new sensors are launched. For the 

visible/IR sensors, the channel order can either be decreasing or increasing with wavelength and in some cases (e.g. 

MTSAT imager) it is not monotonic wavelength order, rather being defined according to instrument convention. The 

channel order can be seen by using the rttov_coef_info.exe tool to print out information about the coefficient file (see 

Annex A), or by looking at the page on the RTTOV website which gives information about the spectral response 

functions or pass bands for each instrument: 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/spectral-response-functions/ 

New or updated coefficient files will be made available from the RTTOV pages on the NWP SAF web site for the latest 

RTTOV version. Coefficients for sensors that are not currently supported may be requested via the NWP SAF helpdesk. 

 

An important feature of the RTTOV model is that it not only computes the forward (or direct) radiative transfer 

calculation but also the gradient of the radiances with respect to the state vector variables at the location in state space 

specified by the input state vector values. Given a state vector, x, a radiance vector, y, is computed: 

 ( )H=y x  (1) 

where H is the radiative transfer model (also referred to as the observation operator).  The Jacobian matrix H gives the 

change in radiance ŭy for a change in any element of the state vector ŭx assuming a linear relationship about a given 

atmospheric state x0: 

 = 0ŭy H(x )ŭx (2) 

The elements of H contain the partial derivatives µyi/µxj   where the subscript i refers to channel number and j to position 

in state vector. The Jacobian gives the top-of-atmosphere radiance change for each channel given unit perturbations at 

each respective level of the profile vectors and in each of the surface/cloud parameters. It shows clearly, for a given 

profile, which layers in the atmosphere are most sensitive to changes in temperature and variable gas concentrations for 

each channel. rttov_k  (and its associated subroutines ending in ñ_kò) compute the H(x0) matrix for each input profile. 

 

It is not always necessary to store and access the full Jacobian matrix H and so the RTTOV package has routines to 

only output the tangent linear values ŭy, the change in top of atmosphere radiances yn for each channel n, for a given 

change in atmospheric profile, ŭx, about an initial atmospheric state x0.  
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The tangent linear routines all have ñ_tlò as an ending. Conversely the adjoint routines (ending in ñ_adò) compute the 

change in any scalar quantity up to nel elements of the state vector (e.g. T, q, ozone, surface variables etc.) ŭx for an 

assumed atmospheric state, x0, given a change in the radiances, ŭy.   
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These routines are normally used as part of the variational assimilation of radiances. Information about the RTTOV TL, 

AD and K models is given in section 7.9 below and some general information on TL/AD and K codes is available at: 

http://cimss.ssec.wisc.edu/itwg/groups/rtwg/fastrt.html. If you only want to compute radiances with the forward model 

the TL/AD/K  routines are not required. 

 

The core of RTTOV simulates clear-sky radiances. For channels with a significant thermally emitted contribution, the 

top of the atmosphere upwelling clear-sky radiance, LClr(v,ɗ), at a frequency v and viewing angle ɗ can be written as: 

  (5) 

where ts is the surface to space transmittance, es is the surface emissivity and B(v,T) is the Planck function for a 

frequency v and temperature T.  

 

The transmittances, t, are computed by means of a linear regression in optical depth based on variables (ñpredictorsò) 

calculated from the input profile vector. RTTOV v13 introduces a new parameterisation based on a new set of ñv13 

predictorsò which is documented in the RTTOV v13 Science and Validation Report. The v13 predictors support any 

combination of RTTOV variable gases and are valid for all zenith angles up to the RTTOV maximum of ~85° and thus 

support solar radiation for all relevant channels. Coefficients files are available with variable O3, variable O3 and CO2, 

and with all the variable trace gases supported by RTTOV. RTTOV v13 supports all existing RTTOV v12 optical depth 

coefficient files, based on the parameterisations as described in Matricardi et al. (2001) for RTTOV v7 predictors, 

Matricardi (2003) for RTTOV v8 predictors and those given in Matricardi (2005) or the RTTOV v9 Science and 

Validation Report for RTTOV v9 predictors. From a user perspective, it is simply a matter of supplying the desired 

coefficient fi le based on any of the above set of predictors to RTTOV. Section 3 gives more information on the 

coefficient files available. More details on the relative performance of the different predictor sets are given in the 

RTTOV v13 Science and Validation Report.  

 

In addition to the clear-air simulations described above (and in section 8.1) there are options to include solar radiation 

(section 8.2), for a simple visible/IR cloud scheme based on a single cloud top pressure and cloud fraction (section 8.3), 

for visible/infrared cloud- and aerosol-affected radiances (sections 8.5 and  8.6) and for cloud- and precipitation-

affected microwave radiances (section 8.7). RTTOV also provides two Principal Components-based models for 

simulating hyperspectral IR sounders (sections 8.8 and 8.9). 
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Level Pressure Tmax Tmin Qmax Qmin O3max O3min O3Ref 

Number hPa K K ppmv* ppmv* ppmv* ppmv* ppmv* 

1 0.01 245.95 143.66 5.24 0.91 1.404 0.014 0.296 

2 0.01 252.13 154.19 6.03 1.08 1.410 0.069 0.321 

3 0.03 263.71 168.42 7.42 1.35 1.496 0.108 0.381 

4 0.06 280.12 180.18 8.10 1.58 1.670 0.171 0.527 

5 0.13 299.05 194.48 8.44 1.80 2.064 0.228 0.769 

6 0.23 318.64 206.21 8.59 1.99 2.365 0.355 1.074 

7 0.41 336.24 205.66 8.58 2.49 2.718 0.553 1.471 

8 0.67 342.08 197.17 8.34 3.01 3.565 0.731 1.991 

9 1.08 340.84 189.50 8.07 3.30 5.333 0.716 2.787 

10 1.67 334.68 179.27 7.89 3.20 7.314 0.643 3.756 

11 2.50 322.50 176.27 7.75 2.92 9.191 0.504 4.864 

12 3.65 312.51 175.04 7.69 2.83 10.447 0.745 5.953 

13 5.19 303.89 173.07 7.58 2.70 12.336 1.586 6.763 

14 7.22 295.48 168.38 7.53 2.54 12.936 1.879 7.109 

15 9.84 293.33 166.30 7.36 2.46 12.744 1.322 7.060 

16 13.17 287.05 163.47 7.20 2.42 11.960 0.719 6.574 

17 17.33 283.36 161.49 6.96 2.20 11.105 0.428 5.687 

18 22.46 280.93 161.47 6.75 1.71 9.796 0.278 4.705 

19 28.69 282.67 162.09 6.46 1.52 8.736 0.164 3.870 

20 36.17 279.93 162.49 6.14 1.31 7.374 0.107 3.111 

21 45.04 273.15 164.66 5.90 1.36 6.799 0.055 2.478 

22 55.44 265.93 166.19 6.21 1.30 5.710 0.048 1.907 

23 67.51 264.70 167.42 9.17 1.16 4.786 0.043 1.440 

24 81.37 261.95 159.98 17.89 0.36 4.390 0.038 1.020 

25 97.15 262.43 163.95 20.30 0.01 3.619 0.016 0.733 

26 114.94 259.57 168.59 33.56 0.01 2.977 0.016 0.604 

27 134.83 259.26 169.71 102.24 0.01 2.665 0.016 0.489 

28 156.88 260.13 169.42 285.00 0.01 2.351 0.013 0.388 

29 181.14 262.27 170.63 714.60 0.01 1.973 0.010 0.284 

30 207.61 264.45 174.11 1464.00 0.01 1.481 0.013 0.198 

31 236.28 270.09 177.12 2475.60 0.01 1.075 0.016 0.145 

32 267.10 277.93 181.98 4381.20 0.01 0.774 0.015 0.110 

33 300.00 285.18 184.76 6631.20 0.01 0.628 0.015 0.086 

34 334.86 293.68 187.69 9450.00 1.29 0.550 0.016 0.073 

35 371.55 300.12 190.34 12432.00 1.52 0.447 0.015 0.063 

36 409.89 302.63 194.40 15468.00 2.12 0.361 0.015 0.057 

37 449.67 304.43 198.46 18564.00 2.36 0.284 0.015 0.054 

38 490.65 307.20 201.53 21684.00 2.91 0.247 0.015 0.052 

39 532.58 312.17 202.74 24696.00 3.67 0.199 0.015 0.050 

40 575.15 315.55 201.61 27480.00 3.81 0.191 0.012 0.050 

41 618.07 318.26 189.95 30288.00 6.82 0.171 0.010 0.049 

42 661.00 321.71 189.95 32796.00 6.07 0.128 0.009 0.048 

43 703.59 327.95 189.95 35328.00 6.73 0.124 0.009 0.047 

44 745.48 333.77 189.95 37692.00 8.71 0.117 0.008 0.046 

45 786.33 336.46 189.95 39984.00 8.26 0.115 0.008 0.045 

46 825.75 338.54 189.95 42192.00 7.87 0.113 0.008 0.043 

47 863.40 342.55 189.95 44220.00 7.53 0.111 0.007 0.041 

48 898.93 346.23 189.95 46272.00 7.23 0.108 0.006 0.040 

49 931.99 349.24 189.95 47736.00 6.97 0.102 0.006 0.038 

50 962.26 349.92 189.95 51264.00 6.75 0.099 0.006 0.034 

51 989.45 350.09 189.95 49716.00 6.57 0.099 0.006 0.030 

52 1013.29 350.09 189.95 47208.00 6.41 0.094 0.006 0.028 

53 1033.54 350.09 189.95 47808.00 6.29 0.094 0.006 0.027 

54 1050.00 350.09 189.95 47640.00 6.19 0.094 0.006 0.027 

*The gas units here are ppmv with respect to dry  air because RTTOV is trained on gas profiles in these units and this is 

the context in which these limits are applied within RTTOV. 

Table 1. Pressure levels adopted for RTTOV v12/v13 54 level coefficients and profile limits within which the 

transmittance calculations are valid. The default ozone profile is also given in the right-hand column. Note 

that some coefficients are based on a standard 101 level pressure profile which extends down to 1100 hPa. 
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Platform RTTOV ID Sat ID range  Platform RTTOV ID Sat ID range 

NOAA*  1 1 - 20 Saral 33 1 

DMSP 2 8 - 19 Metop-SG 34 1 

Meteosat 3 1 - 7 Landsat 35 4,5,7,8 

GOES 4 4 - 19 Jason 36 2 

GMS 5 1 - 5 GPM 37 1 

FY2 6 2 - 5,7 INSAT-1 38 1 - 4 

TRMM 7 1 INSAT-2 39 1 - 5 

ERS 8 1 - 2 INSAT-3 40 4 - 5 

EOS 9 1 - 2 Reserved 41 - 

METOP 10 1 - 3  DSCOVR 42 1 

ENVISAT 11 1 CLARREO 43 1 

MSG 12 1 - 4 TICFIRE 44 1 

FY1 13 3 - 4 Reserved 45 - 

ADEOS 14 2  ISS 46 1 

MTSAT 15 1 - 2 HJ1 47 2 

CORIOLIS 16 1 GEOKOMPSAT2 48 1 

JPSS (SNPP) 17 0 GCOM-C 49 1 

GIFTS 18 1 SMOS 50 1 

Sentinel3 19 1 - 2 ORS 51 6 

MeghaTropique 20 1 FY4 52 1 

Kalpana 21 1 TROPICS 53 0 

Meteor 22 25 GF5 54 1 

FY3 23 1 - 4 HY2 55 1 

COMS 24 1 CloudSat 56 1 

Meteor-M 25 1 - 2 CloudCore 57 1 

GOSAT 26 1 FORUM 58 1 

CALIPSO 27 1 TEMPEST-D 59 1 

Reserved 28 - Jason-CS 60 1 

GCOM-W 29 1 Electro-L 61 2 

Nimbus 30 1 - 7 OMS 62 1 

Himawari 31 8 - 9 Sentinel2 63 1 - 2 

MTG 32 1    

*ñNOAA-5ò is TIROS-N   

Table 2. Platforms supported by RTTOV as of October 2020. Italics indicate platforms for which 

coefficients are not yet available but can be requested. 

 
 

Sensor RTTOV ID 
Sensor Chans => 

RTTOV Chans (IR/MW-only) 
Sensor Chans => 

RTTOV Chans (VIS/NIR/IR) 

HIRS 0 1-19 => 1-19 - 

MSU 1 1-4 => 1-4 - 

SSU 2 1-3 => 1-3 - 

AMSU-A 3 1-15 => 1-15 - 

AMSU-B 4 1-5 => 1-5 - 

AVHRR 5 3b-5 => 1 to 3 1-6 => 1-6 

SSMI 6 1-7 => 1-7 - 

VTPR1 7 1-8 => 1-8 - 

Spare 8 - - 

TMI 9 1-9 => 1-9 - 

SSMIS 10 1-24 => 1-24* - 

AIRS 11 1-2378 => 1-2378 - 

HSB 12 1-4 => 1-4 - 

MODIS 13 (20-25, 27-36) => 1-16 1-36 => 1-36 

ATSR 14 1-3 => 1-3 1-7 => 1-7 

MHS 15 1-5 => 1-5 - 

IASI 16 1-8461 => 1-8461 - 

AMSR-E 17 1-12 => 1-12 - 
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GMS imager 18 
1 => 1 

1-3 => 1-3 
1-2 => 1-2 
1-4 => 1-4 

ATMS 19 1-22 => 1-22 - 

MVIRI 20 1-2 => 1-2 - 

SEVIRI 21 4-11 => 1-8 1-12 => 1-12 

GOES imager 22 2-5 => 1-4 1-5 => 1-5 

GOES sounder 23 1-18 => 1-18 - 

MTSAT imager 24 1-4 => 1-4 1-5 => 1-5 

FY2-3/4 VISSR 25 2-5 => 1-4 1-5 => 1-5 

FY1 MVISR 26 1-3 => 1-3 - 

CrIS (NSR) 27 1-1305 => 1-1305 - 

CrIS-FSR 28 1-2211 => 1-2211 - 

VIIRS 29 16-22 => 1-7 1-22 => 1-22 

WINDSAT 30 1-16 => 1-16 - 

GIFTS 31 - - 

SSM-T1 32 1-7 => 1-7 - 

SSM-T2 33 1-5 => 1-5 - 

SAPHIR 34 1-6 => 1-6 - 

MADRAS 35 1-9 => 1-9 - 

Reserved 36 - - 

VHRR 37 2-3 => 1-2 1-3 => 1-3 

INSAT imager 38 3-6 => 1-4 1-6 => 1-6 

INSAT sounder 39 1-18 => 1-18 1-19 => 1-19 

MWTS 40 1-4 => 1-4 - 

MWHS 41 1-5 => 1-5 - 

IRAS 42 1-20 => 1-20 1-26 => 1-26 

MWRI 43 1-10 => 1-10 - 

ABI 44 7-16 => 1-10 1-16 => 1-16 

COMS MI 45 2-5 => 1-4 1-5 => 1-5 

MSUMR 46 1-3 => 1-3 - 

TANSO-FTS 47 - - 

IIR 48 1-3 => 1-3 - 

ESA MWR 49 1-2 => 1-2 - 

Reserved 50-53 - - 

SCAMS 54 1-5 => 1-5 - 

SMMR 55 1-10 => 1-10 - 

AHI 56 7-16 => 1-10 1-16 => 1-16 

MTG IRS 57 1-1960 => 1-1960 - 

AltiKa 58 1-2 => 1-2 - 

IASI-NG 59 1-16921 => 1-16921 - 

Landsat TM 60 6 => 1 - 

MTG FCI 61 9-16 => 1-8 1-16 => 1-16 

AMSR1 62 1-16 => 1-16 - 

AMSR2 63 1-14 => 1-14 - 

FY2-2 VISSR 64 1-2 =>1-2 - 

SLSTR 65 
7-9 => 1-3 

(F1+F2 are the same as S7+S8) 
1-9 => 1-9 

TIRS 66 10-11 => 1-2 - 

AMR 67 1-3 => 1-3 - 

OLI 68 - 1-9 => 1-9 

IRIS 69 1-862 => 1-862 - 

ICI 70 1-13 => 1-13 - 

GMI 71 1-13 => 1-13 - 

MWTS-2 72 1-13 => 1-13 - 

MWHS-2 73 1-15 => 1-15 - 

ASTER 74 10-14 => 1-5 (1-2,3N,3B,4-14) => 1-15 

Reserved 75 - - 

MTVZA-GY 76 1-29 => 1-29 - 

MetImage 77 11-20 => 1-9 1-20 => 1-20 
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MWS 78 1-24 => 1-24 - 

MWI 79 1-26 => 1-26 - 

EPIC 80 - 5-10 => 1-6 

MRIR 81 2-5 => 1-4 - 

SI 82 1-579 => 1-579 - 

Reserved 83-86 - - 

MERSI-1 87 20 => 1 - 

MERSI-2 88 20-25 => 1-6 1-25 => 1-25 

ECOSTRESS 89 1-5 => 1-5 - 

IRMSS 90 4 => 1 - 

OLCI 91 - See coef file headers 

THIR 92 1-2 => 1-2 - 

AMI 93 7-16 => 1-10 1-16 => 1-16 

IKFS2 94 1-2701 => 1-2701 - 

LI 95 - 1-2 => 1-2 

SGLI 96 18-19 => 1-2 - 

HIRAS (NSR) 97 1-1369 => 1-1369 - 

GIIRS 98 1-1682 => 1-1682 - 

AGRI 99 
7/8-14 => 1-7 

(coefs include only one 3.9um 
channel) 

1-7/8,9-14 => 1-13 
(coefs include only one 3.9um 

channel) 

PMR 100 - - 

MIRAS 101 1-2 => 1-2 - 

COWVR 102 1-12 => 1-12 - 

TROPICS 103 1-12 => 1-12 - 

VIMS 104 9-12 => 1-4 - 

DPR 105 1-2 => 1-2 - 

HY2 MWRI 106 1-9 => 1-9 - 

CPR 107 1 => 1 - 

SAPHIR NG 108 - - 

FORUM 109 1-5001 => 1-5001 - 

TEMPEST-D 110 1-5 => 1-5 - 

Reserved 111 - - 

VIRR 112 8-10 => 1-3 1-10 => 1-10 

SIRS 113 1-14 => 1-14 - 

HIRAS-FSR 114 1-2275 => 1-2275 - 

HRIR 115 
1 => 1 (Nimbus 1/2) 
2 => 1 (Nimbus 3) 

- 
1-2 => 1-2 

AMR-C 116 1-6 => 1-6 - 

MSUGS 117 4-10 => 1-7 1-10 => 1-10 

Reserved 118 - - 

GEMS1 119 1-8 => 1-8 - 

Sentinel2 MSI 120 - 1-13 => 1-13 

*channels 19-21 are only simulated accurately with Zeeman coefficient file 

The channel order in the coefficient files can be determined using the rttov_coef_info.exe executable (see Annex A), or 

by looking at the following web page which gives the spectral response functions and passbands used by RTTOV and 

the linked pages show the channel order in the coefficient files:  

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/spectral-response-functions/  

Table 3. Instruments supported by RTTOV v13 as of October 2020. Coefficients are not yet available for 

sensors in italics but can be requested (as can coefficients for sensors not listed above).  

ñIR/MW onlyò refers to coefficient files supporting channels at wavelengths above 3µm;  

ñVIS/NIR/IRò refers to coefficient files containing visible/near-IR channels in addition to IR channels. 

Note that the v13 predictors support solar radiation so by default these coefficient files include all channels 

(VIS+IR) where relevant. However, IR-channel-only files are also available to aid users wishing to update 

from the old v7/8 predictor coefficients which did not support visible/near-IR channels. 

 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/spectral-response-functions/


 

 

RTTOV v13 Users Guide 

 

Doc ID : NWPSAF-MO-UD-046 
Version : 1.0.2 
Date : 29/10/2020 

 

 12 

3. Summary of RTTOV concepts 
 

This section provides a brief overview of the steps required when running RTTOV. Existing users should read this 

section for information on coefficient files. New users should read this section to familiarise themselves with the key 

concepts related to RTTOV. You should also look through the code contained in src/test/example_fwd.F90 and/or 

src/test/example_k.F90 as these provide fully -commented templates for running a basic simulation using the RTTOV 

forward and K models. The src/test/ directory also contains examples for running other kinds of simulation. A detailed 

description of the steps involved in running RTTOV is given in section 7. The ñRTTOV Quick Start Guideò in the docs/ 

directory is intended to guide new users through a simple clear-sky forward model simulation. 

 

RTTOV accounts for thermal emission for all channels at wavelengths above 3µm (referred to as ñthermalò channels). 

Thermal emission is ignored at wavelengths below 3µm. Solar radiation is only included in channels at wavelengths 

below 5µm. These are referred to as ñsolarò channels. Channels below 3µm are solar-only channels, while those in the 

range 3-5µm are mixed thermal+solar channels. 

 

All aspects of RTTOV simulations can be configured at run-time via the rttov_options structure (described fully in 

Annex O). This provides a list of logical flags and other settings to configure the simulation, including whether solar 

radiation should be included, whether clouds and/or aerosol scattering should be included for visible/IR instruments, 

and whether the RTTOV interpolator should be used. 

 

Calculation of clear-sky optical depths is carried out by a predictor-based regression scheme. The coefficients for the 

optical depth regression are instrument-specific and are stored in RTTOV coefficient files whose names begin 

ñrtcoef_ò. RTTOV v13 introduces a new optical depth parameterisation based on ñv13 predictorsò, and the new 

coefficient files based on these predictors are the recommended ones. RTTOV v13 supports all RTTOV v12 optical 

depth coefficient files based on the old v7, v8 and v9 predictors: these files are not included in the package but may be 

downloaded from the RTTOV web site. Information about the old predictor versions can be found in the RTTOV v12 

user guide: they are not described here. Note that the new v13 predictor coefficients are not compatible with RTTOV 

v12. 

 

The new v13 predictors can (in principle) support any combination of variable trace gases and can be trained for use at 

zenith angles up to 85° (the RTTOV maximum). The new coefficients support the full range of zenith angles for all 

channels on geostationary sensors, and for all solar channels (channels below 5µm) on all sensors. For all other 

channels (i.e. those above 5µm on low-earth-orbit platforms), the maximum valid zenith angle is 75°. 

 

Currently, visible/IR coefficient files are available for three different sets of variable gases (note that water vapour is 

always a variable gas): 

¶ Variable O3+CO2 ï these are available for all sensors 

¶ Variable O3-only ï these are available for current and future sensors 

¶ ñ7gasò ï these allow all optional RTTOV trace gases to vary (O3, CO2, CO, NO2, CH4, SO2) and are available 

for certain hyperspectral IR sounders and VIS/IR radiometers 

 

The coefficient file names contain either ñ_o3co2ò, ñ_o3ò, or ñ_7gasò, indicating which variable gases are supported. 

The greater the number of variable gases, the more computationally expensive the simulation. If you require a 

coefficient file that is not available for download on the website, you can request it via the NWP SAF Helpdesk 

(https://nwp-saf.eumetsat.int/site/help-desk/). 

 

The latest visible/IR RTTOV coefficients have been trained using the profile dataset described in the RTTOV v12 

Science and Validation Report. The reference profiles for trace gases (CO2, CH4 and N2O in particular) are appropriate 

for contemporary simulations. When simulating older instruments, it is recommended to specify a more appropriate 

CO2 profile which requires use of a coefficient file allowing variable CO2. 

 

Coefficients for microwave sensors generally do not allow any variable trace gases other than water vapour which is 

mandatory for all simulations. The exception is MetopSG ICI for which O3 is optionally variable. 

 

The optical depth parameterisation is carried out on a fixed set of pressure levels. For most sensors, coefficients are 

provided on a standard set of 54 levels (54L). In addition, coefficients for hyperspectral sounders are available on 101L. 

https://nwp-saf.eumetsat.int/site/help-desk/
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You can provide input atmospheric profile data to RTTOV on arbitrary pressure levels: if they differ to the pressure 

levels on which the optical depth coefficients are based you must enable the RTTOV interpolator. 

 

As noted above, the new v13 predictor coefficient files support solar radiation and as such the coefficient files include 

all channels (visible/near-IR/IR) for each sensor for which we have information about the spectral responses. The old v7 

and v8 predictors did not allow for solar radiation and as such supported only IR (thermal) channels. To aid users who 

wish to update from the v7/v8 predictor coefficients to the new v13 coefficients, IR-only v13 predictor coefficient files 

are available to download from the website for all relevant sensors. These IR-only v13 predictor files have ñ_ironlyò in 

the filename and can be used directly in place of the old v7/v8 predictor files. The channel numbering in RTTOV 

coefficient files always begins at one. This means that the IR channel numbers in the IR-only and VIS+IR coefficient 

files may not be the same. You can check the channel numbering for any coefficient file using the rttov_coef_info.exe 

tool (see Annex A). Table 3 gives the mappings from instrument channel numbers to the RTTOV channel numbers. 

 

The accuracy of simulations for very broad channels (e.g. SEVIRI channel 4 at 3.9 microns) is poor with significant 

biases noted (~1-2K) (see e.g. Brunel and Turner, 2003). To mitigate this, the line-by-line optical depths in the 

coefficient generation are weighted with the Planck function across the instrument channel and the coefficients are then 

computed for these Planck-weighted optical depths resulting in much reduced biases. Whether coefficients are Planck-

weighted or not for a channel can be determined by examining the PLANCK_WEIGHTED section in the coeffici ent 

fil e (if it is not present there are no Planck-weighted channels).  

 

Plots are available on the RTTOV website showing the fit of the optical depth regression to the underlying line-by-line 

simulations used in training the coefficients. The plots for the v13 predictors can be compared to those for the older 

predictors. 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/comparison-with-lbl-simulations/ 

 

The following page provides the definitive reference for RTTOV v13 coefficient files: 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/ 

 

The coefficients files are read in using the rttov_read_coefs subroutine. If Principal Component (PC), cloud or aerosol 

simulations are being performed, the additional associated coefficients for those simulations are read in the same call. 

 

You must then allocate some derived types or structures to hold various input and output quantities. These structures are 

all described fully in Annex O. The main ones are: 

¶ chanprof structure ï array holding a list of channel and profile indices to simulate 

¶ profile  structure ï array holding the input atmospheric and surface variables 

¶ emissivity structure ï array holding the surface emissivity  

¶ reflectance structure ï array holding the surface reflectance 

¶ radiance structure ï to hold the output simulated radiances 

¶ tr ansmittance structure ï to hold the output simulated transmittances 

 

For MW scattering simulations using RTTOV-SCATT or Principal Components simulations, additional structures are 

required which are described elsewhere in this user guide. 

 

In a typical application you would then loop over input profiles. For each profile, the input profile data are read into the 

profile , emissivity and reflectance structures. Then RTTOV is called and the simulated radiances are written out or 

stored. It is possible to pass multiple profiles into RTTOV in a single call if desired. There is no fixed limit on the 

number of profiles you can pass into RTTOV in one go: this is limited only by the memory available (some kinds of 

simulations take more memory than others). Once all simulations are complete, you should call the relevant 

deallocation subroutines to release allocated memory. 

 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/comparison-with-lbl-simulations/
https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/


 

 

RTTOV v13 Users Guide 

 

Doc ID : NWPSAF-MO-UD-046 
Version : 1.0.2 
Date : 29/10/2020 

 

 14 

4. Changes from previous versions 

4.1. Changes from RTTOV v12.3 
 

This section provides details of the differences between RTTOV v12.3 and RTTOV v13.0. This section should be 

useful if you wish to replace v12 with v13 in your application as it lists the changes to the user-interface and outputs. 

Updates which change results compared to v12 are highlighted in red. This includes changes to coefficient files, default 

values, and changes in internal calculations. Detailed descriptions of the new science in RTTOV v13.0 and the 

differences to v12.3 can be found in the RTTOV v13 Science and Validation Report. 

 

Coefficient files 
 

New optical depth (ñrtcoefò) coefficient files are available based on the new v13 predictors (see section 3). The new 

v13 files cannot be used with RTTOV v12. However, RTTOV v13 supports all RTTOV v12 optical depth coeffici ent 

fi les. Executables are available as part of the RTTOV build to convert old optical depth coefficient files between 

v10/v11 format and v12 format (see Annex A). It is not possible to convert the new v13-format (v13 predictor) files to 

v12 or older formats. 

 

The format of the visible/IR aerosol and cloud optical property (ñscaercoefò and ñsccldcoefò) fil es has changed for 

RTTOV v13 making the v12 and v13 files mutually incompatible. The cloud liquid water optical properties (both 

OPAC and ñDeffò properties) have been recomputed with an updated refractive index dataset (see section 8.5). Ice 

cloud optical properties and aerosol optical properties remain the same as for RTTOV v12. When running aerosol 

simulations with aerosol concentrations in units of kg/kg, the results may differ very slightly to equivalent results from 

RTTOV v12 due to a change in the way the mass-to-number-density conversion factor is stored in the coefficient files, 

but these diff erences are scientifically negligible. 

 

Existing and new MFASIS LUT fi les are compatible with both RTTOV v12 and v13, but the new files available with 

RTTOV v13 are strongly recommended in preference to earlier ones. 

 

The ñMietableò files for earlier versions of RTTOV-SCATT have been replaced by new ñhydrotableò files. The 

Mietable files cannot be used with RTTOV v13 and the hydrotable files cannot be used with earlier RTTOV versions. 

See section 8.7 for more information on the new hydrotables. 

 

Existing RTTOV v12 PC-RTTOV coefficient files can be used with RTTOV v13. You must use the associated v9 

predictor optical depth (rtcoef) coefficient file: you should not use PC-RTTOV coefficients with the new v13 predictor 

coefficient files. For aerosol simulations with PC-RTTOV, be sure to use the v13-format scaercoef optical property file. 

 

New HTFRTC coefficient files are available for RTTOV v13: these are incompatible with RTTOV v12 and the v12 

fi les cannot be used with RTTOV v13. The new files are available in both netCDF and ASCII format. 

 

Changes to fundamental constants 
 

The values of some fundamental constants defined in rttov _const.F90 have been updated with the latest values from 

the NIST website (http://physics.nist.gov/cuu/Constants/). The impact of this is very small, typically less than 1mK. It is 

possible to choose to use the RTTOV v12 values of the constants when compiling RTTOV v13 (see section 5.2), but 

these are deprecated and will be removed in a future release. 

 

Changes to the rttov_options structure 
 

The following options have been removed: 

¶ opts%rt_mw% clw_calc_on_coef_lev ï microwave cloud liquid water absorption calculations are now 

always done on user levels (previously calculations were done on coefficient levels by default). 

¶ opts%r t_mw%apply_band_correction and opts_scatt%apply_band_correction ï band corrections are 

always applied (this was true by default). 

¶ opts_scatt%lradia nce ï RTTOV-SCATT calculations are now always done in radiance (previously 

calculations were done in Brightness Temperture by default). 

¶ opts%rt_ir% cldstr_simple ï this has been replaced by the new cloud_overlap option (see below). 

http://physics.nist.gov/cuu/Constants/
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The following options have been renamed/moved: 

¶ opts%rt_ir %cldstr_threshold renamed to opts%rt_ir %cldcol_threshold. 

¶ opts%rt_ir% cldstr_low_cloud_top renamed to opts%rt_ir%c c_low_cloud_top. 

¶ The ozone_data, co2_data, etc options have been moved from opts%rt_ir  to opts%rt_all as a limited 

number of MW sensors have coefficients with variable ozone. 

 

The following new options have been added: 

¶ opts%rt _all%use_t2m_opdep and opts_scatt%use_t2m_opdep, default: true ï when this option is true, the 

2m temperature is used in the optical depth calculation for the near-surface layer (like the 2m water vapour). 

Setting the option to false reverts to the behaviour of previous RTTOV versions, where the 2m temperature is 

used only in calculating the Planck radiance of the near-surface layer. 

¶ opts%rt_ ir%rayle igh_max_wavelength, default: 2µm ï the maximum channel wavelength for which to 

include Rayleigh scattering calculations (see section 8.2 and 8.5). By setting this to zero Rayleigh scattering 

can be excluded entirely from simulations (which includes Rayleigh extinction when using optical depth 

coefficients based on v13 predictors). 

¶ opts%rt_ir %rayleigh_min_pressure, default: 0hPa ï the minimum pressure for layers in which Rayleigh 

scattering will be calculated (see sections 8.2 and 8.5). 

¶ opts%rt_ir% dom_rayleigh, default: false ï enable full Rayleigh multiple-scattering when using the DOM 

scattering solver (see section 8.5). 

¶ opts%rt_ ir% cloud_overlap, default: 1 (max/random overlap) ï enables a choice between different cloud 

overlap schemes (see section 8.5). 

¶ opts_scatt%addrefrac, default: true ï enables the refraction option in RTTOV-SCATT. 

¶ opts_scatt%ice_polarisation, default: 1.40 ï if greater than zero, enables the approximation for polarised 

scattering in RTTOV-SCATT simulations. To approximate the effect of preferentially oriented ice 

hydrometeors in creating polarisation differences between V and H channels, the extinction of frozen particles 

is increased in horizontally polarised channels and decreased in vertically polarised channels by the factor Ŭ, 

and ice_polarisation is the polarisation ratio (1+ Ŭ)/(1- Ŭ). The value is applied globally and has been tuned to 

best fit observations from GMI.  

¶ opts_scatt%zero_hydro_tlad, default: false ï if true, then the hydrometeor concentrations are active TL/AD 

variables in layers where the concentrations are zero (i.e. clear layers have non-zero hydrometeor AD/K). The 

default value (false) yields the old RTTOV-SCATT behaviour (no sensitivity for clear layers). Setting this 

option true can provide smoother Jacobians in the vertical, which can be useful for diagnostic purposes. It may 

also be a solution for inverse methods that are susceptible to the ñzero cloud, zero gradientò problem. 

However, it made no discernable impact when activated in experiments at ECMWF, and it slightly degrades 

the numerical precision of the adjoint code, so is not recommended by default. See also section 8.7. 

¶ opts_scatt%hydro_cfrac_tlad, default: true ï hydrometeor TL/AD/K sensitivity is usually generated through 

two mechanisms, first the direct effect of bulk optical properties on the cloudy radiances; second the indirect 

effect through the effective cloud fraction (which is weighted vertically by hydrometeor amount). Setting this 

flag to false turns off the second effect, making for smoother and less complicated Jacobians in the vertical. 

This option is mainly intended for diagnostic purposes. 

 

The following options have new default values: 

¶ opts%rt_all%addrefrac  = true (was false) ï atmospheric refraction enabled. 

¶ opts%rt_m w%clw_scheme = 2 (was 1/Liebe) ï the default permittivity parameterisation for microwave 

cloud liquid water absorption is Rosenkranz (2015), the recommended value. 

¶ opts%rt_ir%solar_sea_brdf_model = 2 (was 1/JONSWAP) ï the newer solar sea BRDF model (based on 

the Elfouhaily et al (1997) wave spectrum) is recommended. 

¶ opts%rt_ ir%grid_box_avg_cloud = true (was false) ï cloud concentration inputs for VIS/IR simulations are 

grid box averages by default (this is commonly the value provided by NWP/GCM models), rather than 

representing the concentration in the cloudy fraction of the grid box. 

¶ opts%rt_ir%pc%i pcbnd = 1 (was -1 and had to be given a value) ï one is currently the only valid value for 

this option. 

¶ opts_scatt%cc_threshold = 0.001 (was 0.05) ï scattering is ignored in RTTOV-SCATT for effective cloud 

fractions below this value. 
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The following options have new default values and the options are deprecated. The default values are recommended, 

and the options are likely to be removed in a future release: 

¶ opts%interpolation%reg_limit_ extrap = true (was false) ï when using the interpolator, extrapolate profiles 

at the top of the atmosphere using the profile limits rather than simply using constant value extrapolation. 

¶ opts%config%fix_hgpl = true (was false) ï the surface elevation is associated with the 2m pressure rather 

than the nearest pressure level above the surface. This has a small impact on path geometry calculations. 

Setting to true reduces discontinuities in the direct model with very small (mK) impact on radiances. 

¶ opts%rt_all%d tau_test = false (was true) ï this switch enables/disables a check on the delta-transmittance in 

the near-surface layer when considering this layer contribution in the integration of the RTE. Setting to false 

(omitting the check) reduces discontinuities in the direct model with very small (mK) impact on radiances. 

Experiments at ECMWF and Met Office indicate setting this to false has neutral impact. 

 

See Annex O for the full options structure including all default values. 

 

Changes to the rttov_profi le structure 
 

The profiles(:)%skin%specularity  variable has been removed, and instead the specularity can be selected per-channel 

(instead of per-profile) within the rt tov_emissivity structure (see section 8.11). 

 

There is a new profile variable profi les(:)%clwde_param (default: 1) in support of the new CLW Deff 

parameterisation (see section 8.5), although since there is only one parameterisation currently available this variable 

should not be changed. 

 

The profiles(:)%i dg variable has been renamed profiles(:)%i cede_param for clarity and consistency with the new 

clwde_param variable.  

 

The prof iles(:)%gas_units default value is now 1 (kg/kg). 

 

Changes to rttov_emissivity and rttov_reflectance structures 
 

The rttov_emissivity structure has a new member, specular ity, which is used to input the specularity for each channel 

and profile for use with the Lambertian surface option (see section 8.11). This replaces the specularity  profile variable 

in RTTOV v12. 

 

The rttov_refl ectance structure has two new members, diffu se_refl_in and diffuse_refl_out, which enable 

input/output of the diffuse reflectance used for downwelling surface-reflected radiation (see sections 7.6 and 8.4). 

 

Al l members of both the rttov_emissivity and rtt ov_reflectance structures now explicitly default to zero. A new user-

level subroutine has been added, rttov_init _emis_refl , which can be used to initialise the emissivity and/or reflectance 

structures to zero (see Annex D). 

 

Changes to rttov_radiance and rttov_transmission structures 
 

The rt tov_radiance structure has a new member geometri c_height(:,:)  which is populated with the geometric height 

of each level as calculated by RTTOV. 

 

The rttov_transmission structure has new members tau_total_cld(:) and tau_levels_cld(:,:) which are populated with 

the surface-to-space and level-to-space transmittances for cloud respectively when running cloudy simulations (see 

section 8.5). 

 

These changes do not affect existing code. The RTTOV structures are described in Annex O. 

 

Changes to treatment of CMBR in MW simulations 
 

Downwelling secondary radiance (down, dnclear and refldnclear) now include the CMBR (cosmic microwave 

background radiation) term which has always been included in the primary radiance outputs but was previously omitted 

from the secondary radiances. This affects only the downwelling secondary radiance outputs for MW sensors. 
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Changes to visible/IR cloud/aerosol scattering 
 

For visible/IR cloud simulations using the CLW Deff optical properties, all input/parameterised Deff (effective 

diameter) values are now clipped to appropriate min/max values which is already done for ice Deff (see section 8.5). 

 

For direct model solar aerosol simulations, the transmission%tausun_levels* (:,:)  output arrays now contain gas and 

aerosol transmittances (rather than gas-only) to make them consistent with the tausun_total* (:) outputs and the IR 

output transmittance arrays. 

 

Changes to MFASIS (section 8.5) 
 

MFASIS and thermal IR simulations may now be run in the same call to RTTOV. Note that solar radiation is excluded 

entirely for any solar-affected channels not supported by the MFASIS LUT. 

 

A change in the way the profile ice effective diameters are calculated for mixed phase clouds within MFASIS yields 

small differences in simulated reflectances for such profiles with mixed phase clouds. 

 

MFASIS simulations previously set the radiance%plane_parallel flag to true (since MFASIS is a parameterisation of 

strictly plane-parallel DOM simulations), but this flag is no longer set by MFASIS simulations since IR scattering can 

now be included in the same call to RTTOV which may not enforce the plane-parallel option. 

 

Two of the MFASIS quality bitmask flags (qflag_mfasis_lo/hiscaangle) related to the scattering angle being out-of-

bounds have been removed as the qflag_mfasis_geometry_bounds flag covers these cases. The bit positions of other 

flags in the quality bitmask have not changed. The scattering angle is now compared explicitly to the limits of the 

training which are obtained from the LUT rather than to constant values. The maximum zenith angle used for training 

the LUTs is now stored in the LUT files (necessitating a minor change to the MFASIS LUT file format) and where 

available this is used when flagging quality issues related to out-of-bounds zenith angles. The new MFASIS LUT files 

can be used with RTTOV v12, but the older code will not make use of the LUT-specific maximum zenith angle which 

may mean that potentially problematic profiles are not flagged. Flags for profiles with total optical depth or effective 

diameter value (for liquid and ice water cloud) outside the LUT bounds are not generally set. Exceptions are made for 

large liquid water effective diameters, where the RTTOV maximum exceeds the default LUT training limit, and for 

large total optical depths, where reflectances are typically saturated. Experimentation shows that the accuracy of results 

is not significantly affected in these cases. 

 

Changes to RTTOV -SCATT (section 8.7) 
 

RTTOV-SCATT radiance simulator: 

¶ The hydrometeor specification has been generalised and the rttov_profile_cloud  structure has changed 

significantly to support this (Annex O). Instead of named variables (e.g. rain, snow, cloud_water), an arbitrary 

number of hydrometeor types is specified in the hydro(nlevels,nhydro) member array. The number of 

expected hydrometeor types is set by the hydrotable files. The current default hydrotables include properties 

for 5 hydrometeors: Rain, Snow, Graupel, Cloud Liquid and Cloud Ice in that order. The nhydro member of 

rttov_profi le_cloud sets the number of input hydrometeors, and must match the hydrotable files. Approximate 

backward compatibility would be achieved by setting the graupel hydrometeor concentrations to zero (but be 

aware microphysical assumptions have also changed in the scattering tables). 

¶ All  hydrometeor inputs should be in kg/kg, although the facility exists to supply precipitation fluxes for 

backward compatibility - use the flux_conversion member of rttov_profile_cloud. This facility is deprecated 

and will be removed in a future release. 

¶ The subgrid hydrometeor fraction has been generalised using the hydro_cfrac(nlevels,nhydro_cfrac) array, 

with nhydro_cfrac=nhydro corresponding to the hydrometeor specification. These hydrometeor fractions are 

used to weight the corresponding hydrometeor in the calculation of the effective cloud fraction. Providing one 

hydrometeor fraction per hydrometeor corresponds to the current operational approach at ECMWF, described 

in Geer et al. (2009b). 

¶ Backward compatibility of cloud fraction can be achieved by setting nhydro_cfrac=1, which applies one 

cloud fraction profile to all hydrometeors. This corresponds to the original effective cloud fraction from Geer 

et al. (2009a) 

¶ The option of radiative transfer calculations in terms of brightness temperature has been removed. 
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¶ A new approximate treatment of polarisation has been added. As described under the option 

opts_scatt%ice_polarisation, this boosts extinction from frozen hydrometeors in H-polarised channels and 

reduces it in V-polarised channels, doing a reasonable job of reproducing a widespread observed polarisation 

of the scattering from frozen particles, and reducing V-H channel differences by up to around 10K in the most 

polarised cloudy situations. A full treatment of polarisation is not yet possible since RTTOV does not do fully 

polarised radiative transfer. 

¶ The default value for the opts_scatt%cc_threshold option has changed from 0.05 to 0.001. This specifies the 

effective cloud fraction below which scattering is ignored and the clear-sky radiances are returned. 

 

New RTTOV-SCATT radar simulator: 

¶ Radar mode is activated by supplying the optional reflectivity  argument in the call to r ttov_scatt. To 

deactivate radar mode, this argument can be omitted or it can be a pointer to null(). 

¶ Output is in the new rtto v_reflectivity derived type. Altitudes corresponding to the reflectivities are found in 

radiance%geometric_height. 

¶ Note that radiance outputs are still present but are meaningless. 

¶ In the case of attenuated reflectivities, the K (Jacobian) version is strictly only appropriate for one 

height/range-gate at a time and will need to be called multiple times to build up the correct 2D Jacobians 

(heights by channels). The full K functionality will be added in a later release. 

 

RTTOV-SCATT scattering coefficient generation: 

¶ Rename from "mietable" to "hydrotable" because scattering properties no longer come solely from Mie 

calculations. 

¶ Hydrotable file format has changed and is not backward compatible. These changes support the radar 

simulator, the generalised hydrometeor approach, and the possibility of enhanced polarised scattering. 

¶ Fix bugs which gave erroneous results when attempting to fill more than one habit from the ARTS scattering 

database. 

¶ Internally most calculations are now in SI units, but hydrotable units are in the same units as before, meaning 

non-SI [km-1] for extinction. 

¶ Allow output of backscatter tables for active instruments such as DPR and CPR. 

¶ Make the hydrometeor selection completely flexible, as for RTTOV-SCATT. 

¶ Standardise on a 5-hydrometeor configuration of Rain, Snow, Graupel, Cloud Liquid, Cloud Ice 

¶ New default microphysical assumptions (based on IFS experimentation) are: 

o rain: Mie sphere, Marshall-Palmer size distribution (unchanged) 

o snow: ARTS large plate aggregate, Field07 tropical size distribution (updated) 

o graupel: ARTS column, Field07 tropical size distribution (new) 

o cloud liquid: Mie sphere, Gamma size distribution implemented within the new modified gamma 

framework (mostly unchanged in terms of optical properties, but with small differences from the 

previous gamma distribution, which was implemented internally using some scientific shortcuts) 

o cloud ice: ARTS large column aggregate, Gamma PSD with generalised modified gamma parameters 

mu = 0, lambda = 1e4, gamma = 1 and N0 free. 

¶ For frequencies less than 3 GHz, Mie calculations will now be substituted when the Liu database has been 

requested. 

¶ Significantly more flexibility is available from the coefficient generation tool, with new PSDs including 

Heymsfield 2013, McFarquhar and Heymsfield 1997, and the generalised modified gamma of Petty and Huang 

(2011). 

¶ A new integration of optical properties over the PSD is available, using logarithmically spaced intergration 

points which cover small size bins more accurately, and a trapezium rather than rectangle rule. The new 

integration basis can have a major impact on optical properties generated with the Field 2007 PSD. Hence the 

new basis is used for all particles except snow and graupel, which retain the old integration, because they rely 

on Field 2007 ï this retains backward compatibility and requires less renormalisation (the numerically 

integrated water content is closer to that specified by the user) so may be scientifically better. 

¶ The ice permittivity no longer influences the default properties but used if Mie spheres are optionally chosen to 

represent ice particles, these will use a permittivity that has been updated to exactly that of Maetzler 2006, 

which is a very small change.  

¶ Hydrotable files are still normally expected to contain per-frequency, not per-channel optical properties, but at 

v13 it is possible to supply per-channel hydrotable files if desired. Giving more flexibility in handling the 

effect of polarisation on the optical properties (while still in the unpolarised radiative transfer world) and 
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giving the possibility of using more sophisticated oriented particle models in the hydrotable generation, which 

are expected to become available within the lifetime of v13.  

¶ A diagnostic mode for users to understand how single-particle optical properties are converted to bulk 

properties. 

 

Changes to PC-RTTOV  

 

The number of PC scores to simulate must be specified in opts%rt_i r%pc%npcscores (previously this was 

determined from the size of the members of the rttov_pccomp structure). The pcscores(:) member of the 

rttov_pccomp structure has been removed and the output PC scores from PC-RTTOV are available in the 

total_pcscores(:) member instead. The rttov_pccomp structure mirrors the rttov_radi ance structure. See section 8.8. 

 

Changes to HTFRTC (section 8.9) 
 

New HTFRTC coefficients are available based on LBLRTM v12.8 and the coefficients are now available in ASCII 

format (in addition to netCDF format) so that it is not mandatory to compile RTTOV against netCDF to use HTFRTC. 

 

Emissivities for HTFRTC are now input/output on the fixed centroid frequencies at which monochromatic radiative 

transfer calculations are done as predictors for the PC regression. Previously the emissivities were provided for the 

reconstructed radiance channels. The new approach is analogous to PC-RTTOV for which emissivities are provided for 

the predictor channels. In addition, HTFRTC can now use the new RTTOV IREMIS sea surface emissivity model. 

 

Changes to subroutine interfaces and new subroutines 
 

The secondary direct model radiances can now optionally be calculated by the TL, AD and K models. To this end, the 

optional radiance2 argument has been added to the interfaces for the rttov_tl/ad/k  (Annexes J, K, L), 

rt tov_parallel_tl/ad/k and rttov_all oc_tl/ad/k (Annex D) subroutines.  

 

The rttov_alloc_dir ect/tl/ad/k  subroutines can now also be used to (de)allocate all input/output arrays and structures 

for RTTOV-SCATT as well as RTTOV (see Annex D). 

 

The RTTOV-SCATT radar simulation capability is activated by supplying new optional reflectivity  arguments to the 

rttov_scatt(_tl/ad) or rttov_parallel_scatt(_tl/ad) subroutines. There are new subroutines, rttov_alloc_reflectivity  

and rtto v_init_reflectivity , to allocate and initialise the new rtto v_reflectivity  structure (Annex D).  

 

The interface to the rtto v_alloc_scatt_prof subroutine to allocate the hydrometeor profiles for RTTOV-SCATT has 

changed to support the updated handling of hydrometeor optical properties (Annex D). 

 

The interface to the rttov_scatt_setupindex subroutine which sets up the channels and frequencies for RTTOV-

SCATT simulations has changed to support the new polarisation approximation. 

 

The IR emissivity atlases now optionally allow output of the atlas PC scores and eigenvectors, and the interface to 

rttov _get_emis contains new optional arguments to enable this (Annex F). 

 

As noted above a new subroutine rttov_i nit_emis_refl is available which can be used to initialise all members of the 

rttov_emissivity and/or rttov _reflectance structures to zero (Annex D). 

 

The interface to the r ttov_user_profile_checkinput subroutine has changed: this now optionally sets a ñqualityò 

bitmask analogous to an element of the radiance%quality  output array. A new optional argument also allows this 

routine to check only those profile variables required for MFASIS simulations. 

 

List of subroutines with interface changes: 

rttov_alloc_direct  

rttov_alloc_tl  

rttov_alloc_ad   

rttov_alloc_k 

 

rttov_tl   

rttov_ad  

rttov_k 

rttov_parallel_tl 

rttov_parallel_ad 

rttov_parallel_k 

rttov_scatt    

rttov_scatt_tl    

rttov_scatt_ad  

rttov_parallel_scatt 

rttov_parallel_scatt_tl 

rttov_parallel_scatt_ad 

rttov_alloc_scatt_prof 

rttov_scatt_setupindex 

rttov_get_emis    

rttov_user_profile_checkinput 
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Summary of main new features in RTTOV v13  
 

General: 

¶ New optical depth coefficient files are available based on an updated (ñv13 predictorò) optical depth 

parameterisation and trained on LBLRTM v12.8 (section 3). For visible channels this includes a new 

parameterisation for Rayleigh extinction which can optionally be excluded from simulations (section 8.2). 

¶ The geometric altitude of each input pressure level is now available as an output in the radiance structure (Annex 

O). 

¶ Updates to allow for new polarisation in sensors like TROPICS with a fixed, but uneven mixture of H- and V-pol 

in each channel (section 8.4). 

 

RTTOV-SCATT (section 8.7): 

¶ RTTOV-SCATT allows simulations with an arbitrary number of hydrometeor types and optionally with separate 

cloud fraction profiles per hydrometeor. 

¶ RTTOV-SCATT provides a new radar reflectivity simulation capability.  

¶ New approximate treatment of polarised scattering. 

¶ New scattering property tables with improved microphysical representation of cloud ice, snow and graupel optical 

properties. 

 

Visible/IR scattering (sections 8.5 and 8.6): 

¶ Visible DOM simulations can optionally include full Rayleigh multiple scattering. 

¶ Updated cloud liquid water optical properties based on updated refractive index dataset. 

¶ A parameterisation of cloud liquid water effective diameter has been implemented for use with the CLW ñDeffò 

visible/IR optical properties so that input Deff values are not mandatory: the parameterisation is used where the 

input clwde(:) profile values are zero. 

¶ For visible/IR cloud simulations, the surface-space and level-to-space cloud extinction transmittances (on the 

surface-satellite path and excluding gas absorption) are output in the new tau_total_cld and tau_levels_cld 

members of the transmission structure. 

¶ MFASIS simulations may now be run simultaneously (in the same call) as IR scattering simulations. 

 

Surface emissivity and reflectance updates (sections 7.5 , 7.6 and 8.4, and Annex F): 

¶ The CAMEL 2007 IR atlas now provides standard deviations from the CAMEL climatology rather than the older 

UWIRemis standard deviations. 

¶ For the UWIRemis and CAMEL 2007 IR emissivity atlases, the emissivity PC scores and eigenvectors are now 

optional outputs from the rtt ov_get_emis subroutine. 

¶ The profile skin specularity variable introduced in RTTOV v12.3 for use with the do_lambertian option has been 

moved into the rttov_emissivity structure so that it can vary per-channel. This is now also an active variable in the 

TL/AD/K. 

¶ The diffuse reflectances used by RTTOV for downward emitted and downward scattered radiation are available as 

an output in the rttov_reflectance structure. The value used for the diffuse reflectance can optionally be specified 

by the user for visible/near-IR channels. 

 

HTFRTC (section 8.9): 

¶ New coefficients are available based on LBLRTM v12.8 in ASCII format as well as netCDF. 

¶ Emissivities are now input on centroid (predictor) wavenumbers which is consistent with the way PC-RTTOV 

works. 

¶ HTFRTC now supports RTTOV's IREMIS sea surface emissivity model. 

¶ Optimisation of the HTFRTC direct and K models. 

 

Technical updates: 

¶ The GUI has been updated to work with Python3, and to support new RTTOV features including all new options, 

input of surface specularity, and input/output of diffuse surface reflectance (see docs/rttov_gui_v13.pdf). 

¶ The Python/C++ wrapper has been updated to support new features including the RTTOV-SCATT updated passive 

and new active simulation capabilities (see docs/rttov-wrapper.pdf). 

¶ Optimisation of the MFASIS model, which improves performance in the direct/TL/AD/K.  

¶ Optimisation of the RTTOV-DOM AD/K models. 
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5. FORTRAN-2008 UNIX /LINUX installation and testing 
 

RTTOV v13 is designed for UNIX/Linux systems. The software is successfully tested on Intel, Cray, and Apple Mac 

systems and for a range of Fortran 2008 compilers listed in the report on the RTTOV platforms/compilers tested. The 

code makes use of some common F2003 features and one common F2008 intrinsic (the gamma intrinsic). 

 

The following system components are needed before running RTTOV v13: 

¶ UNIX or Linux operating system 

¶ Fortran2008 compiler 

¶ Perl v5.6 or later 

¶ make utilities 

¶ gzip, gunzip, bzip2, bunzip2, xz, unxz 

¶ About 1GB of free disk space is the minimum required (although more is necessary for hyperspectral sounder 

coefficient, scattering optical property, PC-RTTOV, HTFRTC, and emissivity/BRDF atlas data files). 

¶ Memory requirements are strongly dependent on the instrument being simulated and the kind of simulations being 

performed: the simplest clear-sky direct model simulations require of the order of 10Mbytes. 

¶ It is recommended to compile RTTOV against the HDF5 library (v1.8.8 or higher, including v1.10.x and v1.12.x) so 

that all  RTTOV features are available (see section 5.2 below). 

¶ The Python interface and the RTTOV GUI require that f2py is installed. The GUI has additional requirements: see 

the GUI user guide in the docs/  directory. RTTOV is compatible with Python3. Python2 is no longer supported. 

¶ For HTFRTC RTTOV may optionally be compiled against the netCDF v4 library to read the smaller netCDF 

coefficient fi les, otherwise the larger ASCII HTFRTC files can be used. 

 

The RTTOV v13 package is available as a compressed tar file named rtt ov130.tar.xz which should be copied to your 

ótopô RTTOV directory (e.g. ~user/rttov13) and extracted. This will create various sub-directories (see below). 

 

RTTOV v13 will not work with older versions of some compilers. The following list gives the versions of several 

common compilers known to be compatible (earlier versions are untested and are not supported): 

¶ gfortran ï v4.8.5 and later 

¶ ifort ï v15.0.0 and later 

¶ pgf90 ï v16.10, v18.7 

¶ NAG ï v6.1, v6.2 

¶ Cray Fortran ï v8.3.4 

 

Known compiler issues: 

¶ Multi threaded compilation (enabled by passing -j to Make) does not work consistently with some compilers 

(notably gfortran and pgf90). This is a long-standing issue with RTTOV.  

¶ RTTOV v13 has not been tested on IBM due to the lack of a suitable system within the NWP SAF. 
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5.1 Unpacking the code 
 

This is achieved using the command: 

 
$ tar xvf  rtt ov1 30.t ar . xz  

 

The following subdirectories are created: 

brdf _data/   BRDF atlas data (data must be downloaded from web site) 

build/  Scripts used in building RTTOV and files containing flags for various  

compilers/architectures 

data/  Various ancillary data files 

docs /    Documentation 

emis_ data/   Emissivity atlas data (data must be downloaded from web site) 

gui /    RTTOV GUI Python source code 

src/    RTTOV Fortran source code 

rt coef_rtto v13 /  RTTOV v13 coefficient files (see below) 

rt tov_t est/   test scripts, input profiles for tests, and reference output for tests 

wrapper /   RTTOV Python wrapper and example code calling RTTOV from Python and C++ 

 

Section 3 gives information about the available RTTOV optical depth coeffic ients. A comprehensive list of RTTOV 

v13 coefficients is available via the RTTOV v13 web page, and this also provides a link to download the older RTTOV 

v12 coefficients which can be used with RTTOV v13:  

  

 https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/ 

 

You should refer to this web page to determine the most appropriate coefficient file for your application. 

 

The rtcoe f_ rt to v13 /  directory contains sub-directories for each kind of coefficient file. The rttovXpredYL / 

directories contain optical depth coefficients based on vX predictors on Y levels. The sub-directories are as follows: 

 

rtt ov 13pred 54L/  VIS/IR/MW sensors, all gas combinations, VIS+IR and IR-only, solar enabled 

rttov 13pred 101L/  hi-res IR sounder files, all gas combinations, solar enabled 

 

r ttov7pr ed54L/  IR/MW sensors, variable O3-only for IR, no optional gases for MW 

rttov7pr ed101L/  hi-res IR sounder files, variable O3-only 

rttov8pred 51L/  SSU only, variable O3+CO2 

rttov8pred 54L /  IR sensors, variable O3+CO2 

rttov9pred 54L/  VIS/IR sensors, all gas combinations (primarily variable O3+CO2), solar enabled 

r ttov9p red 101L/  hi-res IR sounder files, all gas combinations (primarily ñ6gasò and ñ7gasò), solar enabled 
 

c ldaer _vis ir/  cloud and aerosol optical property fil es for use with VIS/IR rtcoef files 

cldaer _ir /   cloud and aerosol optical property files for use with rtcoef files containing only IR channels 

(with ñ_ironlyò in the filename or v7/v8 predictor coefficient files) 

mfasis_lut/  MFASIS look-up table (LUT) files 

hydr otable/   MW scattering optical property fi les 

pc/     Principal Components (PC-RTTOV) coefficient fi les 

htfrtc /    HTFRTC coefficient files 

 

In addition to the v13 predictor coefficient files described in section 3 and the corresponding v7/v8/v9 predictor files 

there are: 

¶ Zeeman coefficient files for SSMI/S (by default expected in the rttov7pred54L/ directory even though they 

are based on different numbers of levels) ï note that Zeeman files based on v13 predictors are not yet 

available. 

¶ SSU and PMR optical depth coefficient files based on v13 predictors are not yet available so you should 

continue to use the existing v8 predictor files. 

https://nwp-saf.eumetsat.int/site/software/rttov/download/coefficients/coefficient-download/
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¶ PC coefficients for IASI, AIRS and IASI-NG. The PC-RTTOV coeffi cients must be used with the v9 

predictor 101 level optical depth coefficient files with which they were trained. These are in the 

rtto v9pred101L/ directory and contain ñpcrttov_compatò in the filename. 

¶ Aerosol and cloud scattering coefficients for most visible/IR sensors. The default directory for these is 

cldaer_visir/ for all VIS/IR sensors including hi-res IR sounders. The channels in the scattering coefficients 

file must match the channels in the rtcoef file. In order to use v7/v8 predictor (IR only) fi les for sensors which 

include visible channels (e.g. SEVIRI), separate cloud/aerosol property files are provided in cldaer_ir/. These 

should also be used with the v13 predictor ñ_ironlyò optical depth coefficient fi les. 

¶ MFASIS LUT files for use with the MFASIS fast visible scattering model. 

¶ Hydrotables containing scattering coefficients for most MW instruments. 

¶ Input files for the HTFRTC model. 

 

The RTTOV distribution includes v13 predictor VIS/IR and MW coefficient files for a commonly used subset of 

sensors. Coefficient files for all supported sensors including hi-res IR sounder coefficient files, scattering, PC-RTTOV, 

and HTFRTC files, and the emissivity and BRDF atlas datasets are available from the RTTOV web site. 

 

For the purposes of running the test suite you should ensure coefficient files are placed in the appropriate directories. 

An interactive script rtto v_coef_download.sh is available in the r tcoef_rttov13/ directory which can be used to 

download any or all coefficients into the standard locations in the coefficients directory. Note that you only need to 

download the coefficients required for the simulations you wish to carry out. For example, there is no need to download 

any hi-res IR sounder coefficients unless you want to run simulations for an instrument of that kind. 

 

Section 4.1 gives information on the v12/v13 inter-compatibility of the various coefficient files. This information is 

also available on the RTTOV v13 coefficient download page. 

 

All  coefficients are supplied in ASCII format except those for hyperspectral IR sounders and MFASIS LUT files: due 

to the large file sizes the HDF5 format is used. It is possible to convert coefficient files between ASCII, HDF5 and 

Fortran unformatted (ñbinaryò) formats, the latter two being more efficient (though note that the binary format is not 

portable between systems). It is also possible to extract a subset of channels which reduces the file size and can 

improve performance, particularly for hyperspectral sounders. The rttov_conv_coef.exe program performs these tasks 

and is described in Annex A. If you require an ASCII version of an HDF5 coefficient file, this can be requested via the 

NWP SAF Helpdesk. 

 

RTTOV-SCATT hydrotable files may be converted to binary format using the rttov_asciii2bin_scattcoef.exe 

executable (see Annex A). 

 

HTFRTC files are available in ASCII and netCDF formats but cannot be converted from one to the other. 
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5.2 Compiling the code 
 

An interactive shell script is available to compile RTTOV v13 which asks some questions and then runs the necessary 

commands to do the compilation: 

 
$ cd src  

$ ../bui ld /rttov_compile.sh  

 

There must be a file in the build/arch/ directory containing the compilation flags you wish to use. There are example 

files for various common compilers, or you can create a new one: more details on this are given below in the section 

ñCreating an architecture configuration fileò. In order to make use of multi-threaded execution via the rt tov_parallel_* 

routines RTTOV must be compiled with OpenMP. This involves supplying a suitable flag to an appropriate compiler. 

There are compiler flag files in build/arch/ for compiling with OpenMP support with gfortran, pgf90, ifort and NAG. 

 

RTTOV may be compiled immediately without requiring any external libraries. However, some features of RTTOV 

have external dependencies: 

 

Reading HDF5 coefficient files  : requires the HDF5 library. 

Emissivity* /BRDF atlases         : require the HDF5 library. 

RTTOV GUI                       : requires the HDF5 library. 

Python interface and RTTOV GUI  : require that f2py is installed. 

HTFRTC   : optionally uses the NetCDF v4 library (otherwise read the larger ASCII coef files). 

 

*The TELSEM2 MW emissivity atlas may be used without any external dependencies as the atlas data files are in ASCII 

format, but the other atlases require the HDF5 library. 

 

Compiling with the HDF5 library is recommended. Before compiling with HDF5 you must first edit the 

build/Mak efile.local file with the location of the HDF5 library. This involves specifying the path to the library 

installation in the ñHDF5_PREFIXò variable and uncommenting one ñFFLAGS_HDF5ò definition and one 

ñLDFLAGS_HDF5ò definition appropriate to your build of the library. Similarly, if  you want to compile against the 

NetCDF library (optional for HTFRTC) or against an external LAPACK library, you must also edit the relevant 

sections of build/Makefile.local with the details of these libraries before running the rtt ov_compile.sh script. As noted 

in section 4, some physical constants were updated in RTTOV v13 with the latest values from NIST. If you want to use 

the RTTOV v12 values, then you must supply the _RTTOV12 macro in the compilation: uncomment the relevant line 

for your compiler in Makefile.local before running rt tov_compile.sh. 

 

Once the code is compiled you will find bin/ and lib/  directories in your top-level RTTOV directory containing the 

RTTOV binaries and libraries. One library is created for each subfolder within src/ and you should link all required 

libraries in your application (at the very least librtto v13_main and librtto v13_coef_io ï see section 6 for more 

information). Tables 5 and 6 list all libraries and executables produced by the build process. 

 

The file src/test/Makefile_examples is an example stand-alone Makefile for the example_*.F90 demonstration 

programs. It has a section at the top which describes the variables that should be edited with paths appropriate for your 

system. This is intended as a demonstration of how to link your own code against the RTTOV libraries: the 

example_*.F90 executables are compiled by the RTTOV build process so it is not necessary to use this Makefile to 

compile the example code. 

 

Notes on compiling with the HDF5 library:  

1. The HDF library must be built with the Fortran interface (see the HDF documentation). 

2. In build/Makef ile.local the FFLAGS_HDF5 variable defines the _RTTOV_HDF macro. It is important to 

supply this macro to the compiler so that the sections of code which do HDF5 I/O are included in the 

compilation. For most Linux-based Fortran compilers this is achieved by passing ïD_RTTOV_HDF as seen in 

the FFLAGS_HDF5 variable, but for XLF on AIX it is passed using ïWF,ïD_RTTOV_HDF. 

3. Note that if you do NOT compile with the HDF5 library, you must NOT supply the _RTTOV_HDF macro to 

the compiler (so the HDF5 lines in Makefil e.local must be commented out). 

4. Before running RTTOV ensure the HDF5 library you compiled RTTOV against is in your 

$LD_LIBRARY_PATH or equivalent. 
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Compiling RTTOV  manually  

 

It is recommended to use the build/rttov _compile.sh script described in the previous section, but manual compilation 

of RTTOV is possible. As noted above, if compiling with HDF5 you must first edit the build/Makefile.local file with 

the location of the HDF5 library, and likewise for the NetCDF library. 

 

RTTOV makes use of some LAPACK subroutines: the source code for these is included with RTTOV and by default 

you do not have to worry about this. However, if you wish instead to compile against an external library containing the 

LAPACK subroutines you can specify this library in build/Makef ile.local in a similar manner to the HDF5 library. 

 

The general compilation procedure is then as follows: 

 
$ cd src  

$ .. / build/Makefi le.PL  RTTOV_HDF=1 RTTOV_F2PY=1 RTTOV_USER_LAPACK=1 

$ make ARCH=myarc h I NSTALLDIR=myinsta lldir  

 

The arguments in italics are optional.  

 

The second step (running Makefile.PL  to regenerate the RTTOV Makefiles) is not required if you are compiling 

RTTOV for the first time "out-of-the-box" and you do not require either HDF5 or Python-related code to be compiled 

and you do not want to compile against an external LAPACK library. However, if you are compiling RTTOV with the 

HDF5 library or a LAPACK library or you want to compile the RTTOV GUI or the RTTOV Python interface, you must 

run Makefi le.PL with one or more of the arguments shown above: 

 

RTTOV_HDF=1 - required if compiling RTTOV against the HDF5 library 

RTTOV_F2PY=1 - required if compiling the RTTOV GUI or the RTTOV Python interface 

RTTOV_USER_LAPACK=1 - required if compiling RTTOV against an external LAPACK library 

 

The arguments to "make" are: 

 

ARCH - this argument is optional: if omitted RTTOV is compiled with gfortran, otherwise "myarch" should correspond 

to the name of one of the files in the build/arch/ directory. These fi les contain build flags for various common 

compilers/platforms. You can add new ones: see below for details. Using *-openmp flags will enable multi-threaded 

execution via the RTTOV parallel interfaces: this is generally recommended. 

 

INSTALLD IR - by default the build process creates output directories (e.g. lib/  and bin/) in the top-level RTTOV 

directory. You can optionally specify "myinstalldir" to be another path relative to the top-level RTTOV directory to 

contain the lib/ , bin/and other subdirectories (useful if compiling RTTOV using more than one set of compiler flags). 

 

Some examples are given below, all run from within the src/ directory: 

 

Compile RTTOV with gfortran without any external dependencies: 
  $ make  

 

Compile all RTTOV code excluding the GUI and Python interface with gfortran compiler flags with the HDF5 library: 

 

  First edit build/Makefile.l ocal  with the location of your HDF5 installation. 
  $ ../build/ Makef i le .PL RTTOV_ HDF=1 

  $ ma ke  

 

Compile all RTTOV code with gfortran-openmp compiler flags with the HDF5 library: 

 

  First edit build/Makef ile.local  with the location of your HDF5 installation. 
  $ .. /build/Mak efile.PL RTTOV_HDF=1 RTTOV_F2PY=1 

  $ make A RCH=gf or tran - openmp 
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Compilation: more details 
 

This section is not essential reading but contains some additional information about compilation which you may find 

useful. 

 

General notes 

 

Programs should be compiled with the C-style preprocessor options enabled to make use of the #include statements for 

subroutine declarations. Note for most compilers this implies you need .F90 as the file extension which is what is 

provided. For users with HP compilers it may be necessary to convert the .F90 fi le extensions to .f90 for all the 

routines. 

 

Specifying an installation directory 

 

As described above, by default the build process creates new directories (bin/, lib/ etc) in the top-level RTTOV 

directory. It is possible to specify a subdirectory where the new directories will be placed by supplying the 

INSTALLDIR argument to ñmakeò. This feature is useful if compiling RTTOV with different compiler flags or with 

different compilers. After compilation and testing the build directories can be moved to an arbitrary location (i.e. 

outside the RTTOV directory). 

 

Specifying external dependencies 

 

The fil e build/Makefil e.local is used to specify the locations of external libraries, in particular the HDF5 library. As 

noted above, for the HDF code to be compiled requires the _RTTOV_HDF macro to be passed to the compiler. It is 

equally important that if the HDF code is not required this macro is not supplied to the compiler. 

 

The file contains templates for linking against the HDF5 library, the NetCDF library, and a LAPACK library. An 

example for DrHook is also included: note that in the case of DrHook, the RTTOV source code includes yomhook.F90, 

a dummy routine, which must be removed from the src/main/ directory if you want to run with DrHook enabled. 

 

The file also contains a section demonstrating how to supply the _RTTOV12 macro to the compiler which wil l cause 

the code to be compiled with the RTTOV v12 values of the physical constants instead of the updated values (see section 

3). 

 

Regenerating the Makefiles 

 

If the RTTOV code dependencies change for some reason or, if source fi les are added or removed from the src/ 

directory, or if you want to include (or remove) the HDF5 capability the Makefiles must be regenerated. This is easily 

achieved as follows: 

 
$ cd src/  

$ ../build/Makefil e.P L RTTOV_HDF=1 RTTOV_F2PY=1 RTTOV_USER_LAPACK=1 

$ make ARCH=myarch I NSTALLDI R=mydi r  clean  

 

where RTTOV_HDF=1, RTTOV_F2PY=1 and RTTOV_USER_LAPACK=1 are described above. It is important to 

remember that if RTTOV_HDF=1 was supplied to Makefile.PL, then Makefile.local must supply the _RTTOV_HDF 

macro to the compiler, and likewise, if RTTOV_HDF=1 is not supplied to Makefil e.PL, Makefile.local must not 

supply the macro. 

 

It is good practice to do a ñmake clean ò after running Makefile.PL to avoid problems when recompiling. 
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Creating an architecture configuration file 

 

If the required architecture is not included in the build/arch/ directory bundled with RTTOV or if you would like to 

customise the installation of RTTOV it is possible to create a new configuration file. This configuration file must be 

installed in the build/arch/ directory and define the following macros: 

 

FC : the name of the Fortran 2008 compiler. 

FC77 : the name of  the Fortran 77 compiler; this might be the same as FC, possibly with some special options. 

CC: the name of the C compiler. 

LDFLAGS_ARCH : specific flags to pass to the linker. 

FFLAGS_ARCH : specific flags for the Fortran compiler. 

CFLAGS_ARCH: specific flags for the C compiler. 

AR : the command to create a library from object files. 

 

NB The Fortran 77 and C compilers are used to compile specific source files. However, the RTTOV v13 software must 

be compiled with a Fortran 2008 compiler. 

 

This configuration file may also define the following macros: 

 

FFLAG_MOD: this is the flag used by the Fortran compiler to locate module files; it defaults to -I, but it is possible to 

override this setting. 

CPP: the name of the pre-processor; defaults to cpp. 

Specif ic flags for some RTTOV source files; defining FFLAGS_ARCH_a will f orce the build system to compile unit 

a.F90 with these specific flags. 

 

In order to use the GUI or the Python interface RTTOV must be compiled with f2py support. The following macros 

should be defined: 

F2PY: this defines the f2py command and specifies the Fortran compiler being used (see the f2py documentation for 

relevant compiler names). 

F2PYFLAGS_ARCH: compiler flags to pass to the F2PY compilation. This should specify the PIC (position 

independent code) flag in the appropriate form for the relevant Fortran compiler. 

F2PYLDFLAGS_ARCH: linker flags for the F2PY compilation. 

 

The existing files in build/arch/ provide useful templates. 
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5.3 Running the test suite 
 

You should first navigate to the rttov_test/ directory which contains the relevant scripts and data for testing RTTOV. 

Unless otherwise specified all files and directories referred to in this section may be found in this directory. 

 

RTTOV has a comprehensive and flexible test suite based on the rttov_test.exe executable which is run via the 

rttov_t est.pl script. This allows most aspects of RTTOV to be configured and tested from the command-line and can 

compare the simulated outputs with reference data. Some shell scripts are included which run the test suite for a range 

of instruments, profiles and options. These are described in the ñCore RTTOV testingò section below. The output from 

these tests can be visualised using a graphical interface written in Python (rttov_t est_plot.py) which is described in the 

RTTOV test suite documentation in the docs/ directory. 

 

In addition, there are several stand-alone shell scripts which can be used to run the example_*.exe demonstration 

programs and also the additional test and example executables for RTTOV-SCATT and the emissivity and BRDF 

atlases. These are also described below. 

 

Verifyi ng the RTTOV build 
 

NB Due to the way the Intel Fortran compiler manages memory, users compiling with ifort on Linux may need to 

increase the stack size by executing the following command before all tests will run correctly: 

 
$ ulimi t ïs unlimited  

 

In addition, if  running the PC-RTTOV K model with multiple threads under ifort, you may need to increase the 

OpenMP stack size as well to allow tests to run: 

 
$ expor t OMP_STACKSIZE=1000M  

 

Several shell scripts are provided which run the RTTOV test suite for various instruments to test particular aspects of 

RTTOV. Some of the scripts require coefficient files to be downloaded from the website (for example for hi-res IR 

sounders, visible/IR or MW scattering coefficients or PC-RTTOV coefficients). Note that the hi-res IR sounder tests 

defined in the test suite expect coefficient files in HDF5 format.  

 

In order to verify your RTTOV installation you can run the following script without downloading any additional 

coefficient files: 

 
$ ./ test_ rtto v13 . sh ARCH=myarch BI N=bin dir  

 

The ARCH parameter should match the one used when you compiled RTTOV. The BIN  parameter is optional. It is 

only required if the INSTALL DIR  parameter was supplied when compiling RTTOV i.e. if the location of bin/ is not in 

the top-level RTTOV directory. If specified BIN  must give the location of the directory containing binary executables 

relative to the top-level RTTOV distribution directory (e.g. if  you specified INSTALLD IR=install /gfortran  when 

building RTTOV then you should use BIN=install/gfor tr an/bin). 

 

It is also possible to execute the test suite in a distributed computing environment (e.g. supercomputer) via a scheduler: 

you can optionally supply, for example, SCHED_CMD=aprun . Each executable run by rtt ov_test.pl will be called via 

aprun in this case. Additional arguments can be supplied using quotes: e.g. SCHED_CMD=òaprun --abcò. 

 

The script above runs the RTTOV direct, TL, AD and K models for a range of instruments and compares the results to 

the supplied reference data. The test suite reports whether each individual test was successful or not. There may be 

cases where there are differences in the least significant digits between test output and the reference output due to 

compiler-dependent rounding errors (especially in the Jacobian output from the K model): these will be reported as 

differences but are not cause for concern. The r ttov_test/ directory contains several other shell scripts can be used to 

test particular types of RTTOV simulations, but note that some will require you to download the relevant coefficient 

files from the website:  
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test _fwd .sh      tests the forward model for a wide range of instruments 

test_r tto v13.sh     tests the full code (direct/TL/AD/K) for a range of instruments  

test_r tto v13 _hires.sh    tests the full code for hi-res IR sounders 

test _so lar. sh      tests visible/near-IR solar simulations 

test_m ulti _ins trument .sh   tests RTTOV running for multiple instruments together 

test_pc.sh      tests the PC-RTTOV calculations 

t est_htfrt c .sh     tests the HTFRTC calculations 

 

You can run any of these scripts in the same way as described above for test_rttov13.sh. Note that the tests expect 

HDF5 format coefficient files for hyperspectral IR sounders. The script test_core.sh calls all  the above scripts and this 

is run in the same way as the individual scripts. However, it is not necessary to run all the scripts to verify your RTTOV 

installation: calling test_rttov13.sh is sufficient. 

 

A full  description of the RTTOV v13 test suite may be found in docs/rttov-test.pdf (under the top-level RTTOV 

directory). A brief overview is given here, but it is not necessary to read this to use RTTOV. 

 

The tests.0/ directory contains data required to run the tests: for each instrument this defines profile data, the channel 

and profile lists, specification of surface emissivity and reflectance, a reference to the RTTOV coefficients, and so on. 

Note that a small number of tests defined in tests.0/ are intended for developers only and the relevant coefficient files 

are not available (this mostly involves coefficient files that have historically been available but are no longer generated). 

It is certainly not necessary or recommended to run every test defined in tests.0/ and the tests which are run by the 

scripts listed above use coefficients which are available in the package or on the website. 

 

Test outputs for the myarch architecture are located in tests.1.myarch/ ï these are created when the tests are run. Test 

reference output created on the NWP SAF test platforms is held in directories with names ending in .2. 

 

The rttov_ test.exe binary executable created during the building of RTTOV (and located in the bin/ directory of the 

build) is used to run one or more tests. It is controlled by the r ttov_test.pl perl script. A typical test run involves a 

command like: 

 
$ ./rttov_tes t.pl ARCH=myarch  BIN=bindir  TEST_LIST=hir s/0 01,av hrr /0 01 DIR ECT=1 

 

The ARCH  and BIN  parameters are the same as described above. The TEST_LIST  parameter provides a list of tests 

defined in tests.0/ to run. In this case, only the direct code is being tested (DIRECT=1). The test suite documentation 

provides a complete list of parameters which may be supplied to rttov_test.pl which allow almost all aspects of 

RTTOV to be tested. The full list of parameters may be listed by typing: 

 
$ . /rtt ov _test.pl ARCH=myarch HELP=1 
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Running examples of code calling RTTOV v13 
 

Several examples of running the RTTOV forward model and an example of calling the K model are provided which are 

intended to form a basis for your own applications. They are all in the src/test/ directory: 

 

¶ example_fwd.F90 ï simple example for clear-sky simulations 

¶ example_k.F90 ï simple example calling K model for clear-sky simulations. 

¶ example_atlas_fwd.F90 ï same as example_fwd.F90, but demonstrates use of emissivity and BRDF atlases 

¶ example_cld_file_fwd.F90 ï visible/IR cloud scattering simulations using a cloud coefficient file. 

¶ example_cld_param_fwd.F90 ï visible/IR cloud scattering simulations by passing the scattering parameters into 

RTTOV explicitly.  

¶ example_cld_mfasis_fwd.F90 ï visible MFASIS cloud scattering simulations. 

¶ example_aer_file_fwd.F90 ï visible/IR aerosol scattering simulations using a aerosol coefficient file. 

¶ example_aer_param_fwd.F90 ï visible/IR aerosol scattering simulations by passing the scattering parameters into 

RTTOV explici tly. 

¶ example_rttovscatt_fwd.F90 ï demonstrates calling RTTOV-SCATT 

¶ example_pc_fwd.F90 ï demonstrates calling PC-RTTOV 

¶ example_htfrtc _fwd.F90 ï demonstrates calling HTFRTC 

 

Each of these programs may be run via a shell script in the rt tov_test/ directory with the name run_example_*.sh 

corresponding to the executable name. Near the top of each script is a small section where inputs may be configured 

such as the coefficient file and its location and the name of the input file(s) for profile data. The scripts may be run by 

typing (for example): 

 
$ ./ r un_example_fw d.sh  ARCH=myarch BIN=bindi r  

 

The ARCH  and BIN  arguments are described above in the ñVerifying the RTTOV buildò section. Test reference 

outputs are in test_example.2/. Input files for the script are in test_example.1/, and this is also where the test outputs 

are written. The outputs consist of files named output_example_*.dat.myarch and diff f iles named 

diff_example_*.myarch showing the differences between the test outputs and the reference outputs. The diff  files 

should typically have zero size. In some cases, they might show differences in the least significant digits which result 

from compiler-dependent factors and are not cause for concern.  

 

RTTOV -SCATT testing and example code 
 

The test_rttovscatt.sh shell script may be used to verify the RTTOV-SCATT code, including the radar simulator. You 

may need to edit the first few lines of this script to specify the location of the RTTOV coefficient files (by default 

assumed to be in rtcoef_rtto v13/rttov 13pred54L/ and rtcoef_rttov13/hydrotable/). The script may then be run by 

typing: 

 
$ ./test_rttovscatt. sh  ARCH=myarch BI N=bin dir  

 

Test reference output is in test_rttovscatt.2/. Input files for the script are in the test_rtt ovscatt.1/ directory, and this is 

also where the test output is written. The output consists of fil es named output.NN.rttov_scatt.myarch and 

diff.NN.myarch  (where NN is 01, 02, etc), the latter being diff files showing differences compared to the test reference 

data. The script will exit cleanly if  no internal errors are found. The diff  files should typically have zero size if no errors 

occurred. 

 

There is also an example program mw_scatt/example_rttovscatt.F90 demonstrating how to perform direct and 

Jacobian calculations with RTTOV-SCATT. Once test_rttovscatt.sh has been run, the required links to coefficient files 

are set up within test_rttovscatt.1/. You may then call example_rttovscatt.exe (located in bin/) from this directory to 

run the example code. There is no reference output for this example program. 
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Emissivity and BRDF atlas testing 
 

To use the atlases RTTOV must be compiled with HDF5 (see section 5.2). The only exception is the TELSEM2 atlas as 

the data files for this atlas are in ASCII format. There is one test script per atlas:  

 

¶ t est _uwiremis_atlas.sh    UWIRemis IR emissivity atlas 

¶ t es t_ ca mel _atlas.s h   CAMEL 2007 IR emissivity atlas 

¶ test_ca mel_ clim_ at l as.sh   CAMEL climatology IR emissivity atlas 

¶ t est_ telse m2_atla s.sh    TELSEM2 MW atlas and interpolator 

¶ test_ cnr m_mw_atlas.sh    CNRM MW atlas 

¶ test_brdf_atlas.sh    BRDF atlas 

 

These test scripts each run a test program for the respective atlas. The test programs initialise the atlas, return 

emissivity/BRDF values for a series of profiles/locations and then deallocate the atlas. The emissivities/BRDFs are 

written to an output file. You  may need to edit the first few lines of each script to specify the location of the RTTOV 

coefficient files (by default assumed to be in rtcoef_rtto v13/rttov 13pred54L/ ), and the location of the emissivity and 

BRDF atlas data files (by default assumed to be in emis_data/ and brdf_data/).  Note that the IR emissivity atlas tests 

require the all the IR atlas files to be downloaded (including the covariance files and the angular correction fi les). 

 

The scripts are all run in the same way, for example: 

 
$ ./te st_uwi remis_ atlas. sh  ARCH=myarch BIN=bindir  

 

For the emissivity atlases test reference output is in test_emis_atlas.2/. Input files for the scripts are in the 

test_emis_atlas.1/ directory, and this is also where the test output is written. The output consists of files named 

output_*_atlas.NN.myarch according to the name of the atlas where NN is 01, 02, etc. The scripts also write diff files 

named diff_*_atlas.NN.myarch showing the difference between the test output and the reference output. The 

difference files should have zero size. 

 

Similarly, the BRDF atlas test reference output is in test_brdf_atlas.2/. Input files for the scripts are in the 

test_brdf_atlas.1/ directory, and this is also where the test output is written. The output consists of a file named 

output_brdf_atlas.1.myarch. The script also writes a diff file named dif f_brdf_at las.1.myarch showing the 

difference between the test output and the reference output. The difference files should have zero size. 
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6. RTTOV types, subroutines, librari es and executables  
 

This section summarises the output from the build process and the derived types and subroutines intended for your own 

programs. 

 

The build process produces a library for every directory within src/ that is included in the build target provided to 

make. Table 5 lists all libraries created in the lib/  directory by the compilation and the associated user-level subroutines 

contained therein. All  user-level subroutine interfaces are detailed in the Annexes. 

 

Table 4 provides a list of derived types (structures) which you may use in your application. All types are defined in the 

src/main/rt tov_types.F90 module. Annex O provides details of all the derived types. The two exceptions to this are 

rtt ov_emis_atlas_data which is stored in src/emis_atlas/mod_rttov_emis_atlas.F90 and rttov_brdf_atlas_data 

which is stored in src/brdf_atlas/mod_rttov_brdf_atlas.F90. These are used to hold data for the land surface atlases. 

 

Table 6 gives a list of all executables produced by the build process in bin/ and their purpose. Most test executables are 

intended to be called via the Perl and shell scripts found in rttov _test/. See section 5.3 for more information on calling 

test programs. Aside from the test programs, the most commonly used executables are the coefficient conversion tools 

(see Annex A). 

 

When calling RTTOV from Python the file rt tov_wrapper_f2py.so must be in your current directory or in your 

$PYTHONPATH . Similarly, when using the GUI the file rttov_gui_f2py.so must be in the current directory or 

$PYTHONPATH . These files are found in the lib/  directory after compilation. See the separate user guides for the 

wrapper and the GUI in the docs/ directory. 

 

6.1. Linking your code against RTTOV 
 

When linking against RTTOV you only need to link against the RTTOV libraries which contain subroutines that you 

have used (see Table 5). The order in which the libraries are linked is important: if  library A depends on library B then A 

must appear before B in the linking step. You can link the RTTOV libraries as follows: 

 
- lrt to v13 _wrapper  - lrtto v13 _mw_scatt - lrtto v13 _brdf _atlas  

- lrtto v1 3_emi s_atlas  - l rtto v1 3_other - lr tto v13 _parallel  

- lrtto v13 _coe f_io - lrtto v13_hdf - lr tto v13 _main   

- l hdf5h l_fortran - lhdf5_hl - l hdf5_fortran - l hdf5  

 

The file src/test/Makefile_examples is an example Makefile for the example_*.F90 executables which may be used as 

a template for compiling your own code which calls RTTOV. As noted in section 5.2 the example executables are built 

when RTTOV is compiled: this example Makefile is only for demonstration purposes. 

 

6.2. Doxygen documentation 
 

Doxygen markup has been added to the user-level subroutines and data types. If you have Doxygen installed, you can 

generate the documentation by running the following from the top-level RTTOV directory: 

 
$ dox ygen docs/ doxygen _co nfig _user  

 

The resulting documentation can be found in docs/doxygen_doc_user /. HTML documentation can be found in 

docs/doxygen_doc_user/html/index.html . This may be helpful as a reference when reading sections 7 and 8: section 7 

describes the technical aspects of calling RTTOV including subroutine calls while section 8 describes the various kinds 

of simulation RTTOV can carry out. 

 




































































































































































































































